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SCIENTIFIC ACHIEVEMENT

We investigated ferroeledric domain dynamics at the nanoscale, through evaluation of
domain structure, stability ,and relaxation as a function of ferroelectric layer microstructure
and controlled capacitor size and geometry. This was achieved by using a piezoresponse
imaging method based on the detection of the local electromechanical vibration of
polarized domains in a ferroeledric sample, caused by an external AC voltage applied
between an atomic force microscope (AFM) tip (movable top electrode) and an electrode
layer underneath the ferroelectric layer [Fig. 1 (A)]. The AC electric field with a frequency
o causes a localized sample vibration whit the same frequency due to the piezoelectric
effect [Fig. 1(B)]. Simultaneously with the AC excitation, a conventional topographic
image can be obtained. The ferroelectric domain structure is visualized by monitoring the
first harmonic signal (piezoresponse signal). The phase of the piezoresponse signal depends
on the sign of the piezoelectric coefficient, such that regions with opposite polarization
orientation, vibrating in counter phase with respect to each other, under the applied AC
field, appear as regions of different contrast in the piezoresponse image [Fig. 1 (c)]

SIGNIFICANCE
The understanding of the nanoscale ferroelectric thin film domain dynamics shown above
will have a critical impact in the design f the next generation of high density (Mbit to Gbit)

non-volatil e ferroeledric random access memories (NVFRAMS), which can replace current
DRAM and flash memories, creating a new multibillion dollar market.
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Schematic of AFM piezoresponse imaging system for
nanoscale studies of ferroelectric domainevolutionin
ferroelectric films.
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CONCLUSIONS
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